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Quick ReferenceData

In a spark-ignition(SI) engine,thefuel/air mixture is compressedto a pressure
and correspondingtemperature(400°-600°C)generallybelow its auto-ignition
threshold,with the mixture being ignited by a sparkshortly before the piston
reachestop-dead-center.

In a compression-ignition(CI) engine,air is compressedto a sufficiently high
temperature(700°-900°C)to causeauto-ignitionof fuel upon injection into the
cylinder shortly beforethe end of the compressionstroke.

Pthzcipal D&s~ignParameters for an SI Engine

• Compression Ratio (CR): increasingCR increasesfuel economywith
two drawbacks: increasedtendencyto knockandhigherNO~emissions.

• Combustion Chamber Design: recent researchhasfocusedon faster
burningdesigns,i.e.,compactchamber,centrallylocatedsparkplug, high
turbulenceswirl induction, and four/five valvesper cylinder.

• Valve Timing: the openingandclosingof the intake andexhaustvalves
for the exchangeof gasesin the cylinders of a four-stroke, internal
combustionengine. Ideally, a largervalveoverlap(a very short time in
which both the intake and exhaustvalves areslightly open) is needed
at high speedsfor performance,and a smalleroverlapis neededat idle
and slow enginespeedsto lower emissions.

• Fuel Management: sequentialport fuel injection hasshown favorable
results over carburetion when used in an alcohol-burning engine
(especiallyfor methanol) becausethe mean effective pressureand
thermal efficiency improve significantly over most of the operating
range.

The Key Operating Parameters for SI Engines

• EquivalenceRatio:

-- At lower equivalenceratios (lean burn conditions), engines

operatemore efficiently.
-- Leanburn conditions,while providing betterthermalefficiency

andlower hydrocarbon(HC) andCO emissions,producehigher
NO1 emissions.
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• Spark Advance: optimumspark setting will dependon rateof flame
developmentand propagationand the length of the flame path across
the combustionchamber.

-- As the spark is advanced,HC emissionsincreaseup to the lean
misfire limit.

-- As the timing is advanced,combustiontemperatureis increased
and NO1 formation increases.

-- The influenceof ignition timing on fuel consumptionis opposite
to the influenceit exerts on pollutant emissions.

• Exhaust Gas Recirculation (EGR):

-- Increasing amount of EGR decreasesNO,, emissions, but
increasesHC emissionsandfuel consumption.

-- Increasingamountof EGRrequiresadvancingthespark timing
asthe equivalenceratio decreases.

Key Design Parameters for Akohol Combustion

• Higher octane
• Greaterenthalpyof formation
• Lower flame temperature
• Extendedleanlimit of operation

Useful Termsand Definitions (also seeGlossary)

• Adiabatic: occurring without loss or gain of heat.

• CompressionRatio (CR): the maximumcylindervolume divided by the
minimum cylindervolume.

• Enthalpy Requirement: the additional heat input required by the
engine’s fuel induction systemto achievethe required degreeof fuel
vaporizationfor smoothoperation.

• EquivalenceRatio: measureof the actual fuel/air mixture to the
stoichiometricfuel/air ratio.

• ExhaustGas Recirculation (EGR): the recirculationof exhaustgases
to thecombustionchamberto reducethepeakcombustiontemperature
for the reductionof NO,, emissions.
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• Maximum Brake Torque (MBT): the timing associatedwith a particular
fuel for a particular combustion chamber; aside from the fuel/air
mixture,the momentof ignition hasthe greatestinfluenceon pollutant
emissions.

• Octane: identifies theability of a fuel to resistspontaneouscombustion
or pre-ignition; the higher the octane the less likely that a fuel will
prematurelyignite (knock).

• Spark Advance: the optimal spark setting, an operating parameter
dependenton therateof flamedevelopmentandpropagationwithin the
combustionchamber.

• Stoichiometry(of fuel/air): the proportionrequiredbetweenfuel and
air for a specific fuel to allow completecombustionof the chemical
reactionsto occur (i.e., the proportionsthat are exactly right).
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Key Issuesand Implications

Issuesand Implications

Issue#1: Optimization of Spark Ignition Enginesfor
AlcoholFuelsbyIncreasingCompressionRatios
(CRs).

Increasing the compressionratio increasesfuel economy by
improving thermal efficiency. Becauseof their higher octane
ratings and lean burn characteristics, alcohol fuels allow the
useof higher CR.

Implicationsof HigherCompressionRatios (Regardlessof Fuel

Used):

• Higher fuel economy

• Increasedtendencyto knock

• Higher temperaturein the combustion chamber,
resultingin lower HC and CO emissionsand higher
NO,, formation.

ProposedSolutions:

• By increasing the volumetric content of alcohol in
gasoline,anenginecanoperateat higher CRswithout
knock. Dedicated alcohol engineshave been found
to operatesmoothly at CRsofup to 12.5 - 13.5,while
production gasolineenginesarelimited to CRs of 8-
12.

• Alcohols have inherentlylower flame temperatures
thangasolineand, under leanburn conditions, tend
to produceless NO,,.

DetailedInformation: Referto pages3-3 and 3-4.
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Section3
THE INTERNAL COMBUSTION ENGINE

• EngineDesign
• OperatingParameters
• Key DesignParametersfor Alcohol Combustion

Introduction

Internal combustionenginescan be characterizedby two primary
designfeatures: method of ignition and type of operatingcycle.
The method of ignition -- spark ignition or compressionignition
-- dictatesa host of othercharacteristicsincluding the type of fuel
used, the methodof preparingthe fuel/air mixture, the designof
the combustionchamberand the combustionprocess,as well as
load control, engineemissionsand operatingcharacteristics.

Recentalcoholfuel researchconductedwith particularenginetypes
hasvariedconsiderably. Most researchin thepast five yearshas
beenconductedon four-stroke,spark-ignitionenginesoperatingon
methanolblends,althoughconsiderablework has alsobeendone
on methanol-poweredmodified diesel prototypesto power mass
transitbusesbecauseof reducedsootandparticulateformation. [1]
Work on test-bench, two-stroke spark ignition engines using
methanol fuel has shown abnormal combustion (knock)
characteristicsevenat low compressionratios andloads. [2]

The following discussionwill focus on theoperatingcharacteristics
of spark-ignited,four-stroke enginesusing alcohol fuels. These
enginesarethestandardproductionenginesusedin passengercars
in the United States,and variations of theseengineshave been
successfullyusedin Brazil for alcoholblendsandneatfuels. Also,
CompressionIgnition (CI) or diesel enginescannot use alcohol
fuelswithoutignition improversorenginemodifications,suchas the
addition of glow plugs, to assistcombustion. Due to the limited
amountof recentengineresearchavailablewith ethanol,the data
will focus on the use of methanol; however, becauseof the
similarities betweenthe two alcohol fuels, much of the research
findings may also apply to ethanol.

3-1
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Engine Design

In a spark-ignition(SI) engine,the fuel/air mixture is compressed
to apressureandcorrespondingtemperature(400°-600°C)generally
below its auto-ignitionthreshold. The mixture is then ignited by a
sparkshortly beforethe pistonreachestop-dead-center(TDC). In
a compression-ignition(CI) engine, air is compressedto a
sufficiently high temperature(700°-900°C)to causeauto-ignitionof
the fuel upon injection into the cylindershortly beforethe end of
the compressionstroke. [3] Fuels that are routinely used in SI
enginesgenerallyhavehigher octaneratings (seeSection2), while
thoseusedfor CI engineshave higher cetaneratings.”

Most internalcombustionenginesoperateon thefour-strokecycle:
eachcylinderrequiresfour strokesof its pistonor two revolutions
of the crankshaftto completethe sequenceof eventsrequiredto
produceonepowerstroke. To obtainahigher poweroutputfrom
a given engine size, the two-strokeenginewas developed. Each
cylinderrequiresonly two strokesof its pistonor onerevolutionof
the crankshaftto completeonepowerstroke.[4]

Automotiveenginedesignrequirestradeoffsbetweenperformance,
emissions,and efficiency. Completecombustionis a theoretical
concept that explains what should occur within the combustion
chamberof an engine. Ideally, the productsof that combustion
process are carbon dioxide, water vapor, and nitrogen.
Unfortunately, our inability to control combustionreactionrates
over thewiderangesatwhich enginesoperateresultsin incomplete
combustionandtheformationof abroadrangeof pollutants. Since
themid-70s,catalyticconvertershavebeenemployedin theUnited
Statesto reducetheformationof pollutantsby allowingcombustion
reactionsto reach completion.

~Anumberthat is usedto measuretheantiknockingpropertiesof a liquid motor fuel.

“A measureof the ignition value of adieselfuel.
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The principal design parametersfor a spark-ignitionengine --

whetherfueledby alcohol, alcohol-gasolineblends,or gasoline --

are compressionratio (CR), combustionchamberdesign, valve
timing, and fuel management.

CompresrionRatio

Compressionratio (CR) is definedas themaximumcylindervolume
(when thepistonis at the bottomof its reciprocatingpath)divided
by the minimum cylindervolume (when thepistonis at Top Dead
Centeror TDC). Increasingthe compressionratio is a known
methodof increasingfuel economyby improvingthermalefficiency.
Becauseof theirhigher octaneratings,alcohol fuels allow the use
of higher compressionratios. However, the introductionof high
compressionratios has two potential drawbacks: an increased
tendencyto knock andhigher NO,, emissions.[5] Alcohol blends
canhelpsolve theproblemof knockatelevatedcompressionratios.
Usingavariable-compressionratio,single-cylinderengine,theeffect
of methanol content on the knock-limited compressionratio
(KLCR) is shownbelow in Figure3-1. [6]

Figure3-1., The effect of methanolcontenton Knock
Limited CompressionRatio (KLCR).
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Policy Issue #1

PROPERTIESOFALCOHOL FUELS

As the volumetric contentof ethanolor methanolin the gasoline
blendis increased,the engine canoperateat higher CRs without
knock.[7] Currentgasolinepassengerautomobileenginesproduced
in theUnited StateshaveCRs rangingfrom 8-12with raceengines
limited to 14. Dedicatedalcohol engineshave been found to
operatesmoothly at CRsup to 12.5-13.5 [8,9], althoughalcohol-
fueled racingengineshavebeenshownto withstandCRsup to 18.
[10] As the CR is increased,the temperaturein the combustion
chamber increases, resulting in increased NO,, formation.
However,as shownin Figure 3-2 [11], methanol has inherently
lower flame temperaturesthan gasoline, and thereforetends to
producelessNO,,.

Figure3-2., Adiabatic flame temperaturesof indolene-
methanolblends.

Because of their higher octane ratings and lean burn
characteristics,alcohol fuels. allow the use of higher
compressionratios.
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Alcohol fuels, alcohol/gasolineblends,andgasolinecanbe burned
in the sameSI enginedesigns. There hasbeencontinuing debate
among researchersover the optimum SI engine combustion
chamberdesignfor alcohol fuels. Recentinnovationshavefocused
on fasterburningdesigns-- i.e., compactchambers,centrallylocated
spark plugs, high turbulenceswirl induction, and four and five
valvespercylinder. A fasterburningchamberwith its shorterburn
time permitsoperationwith moreexcessair or leanermixtures,and
provides a more repeatablecombustionpattern, thus providing
lower cycle-by-cyclevariability overtheentireoperatingrange.[12]
A four or five valve per cylinderenginerevealsflow areasquicker
than a two valve for cylinder engine. Two or threevalves have
moreperimeterthan a single largeoneof equalarea,and flow at
low lift is proportional to perimeter. The influence of spark-plug
positionand4-valvedesignson fuel consumptionandhydrocarbon
(HC) emissionsis shownin Figure 3-3. [13]

Figure3-3., Influence of spark-plug location andvalve configuration on
fuel consumptionandHC emissions.
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Becauseof their ability to create more turbulence, compact
chamberdesigns reduce the octane requirementsof the fuel,
thereforeallowing highercompressionratiosto beusedresultingin
lower unburnedHCs and increasedthermal efficiency. Because
methanolhas a faster burning velocity than gasoline as well as
operatingefficiently at higher compressionratios, it shortensthe
burn time and extendsthe stable operating limit regardlessof
combustionchambergeometry.Figure3-4 [14] comparesthefaster
laminarburning velocity of methanolto indolene,a commontest
referencegasoline.

300 400 500 800
Unburned 3aa Temperature,°K

Figure3-4., Experimentallaminar burningvelocitiesfor
methanol/andindolene/airmixtures.

Valve Tuning

The exchangeof burned gasin thecylinderfor freshmixtureoccurs
throughthe alternateopeningandclosing of the inlet andexhaust
valves. The effect of changing an engine’s valve timing for
optimi7~ingperformancewith alcohol fuelshasnot been thoroughly
researched. The camshaftdictatesthe valve timing, i.e., the timing
of openingandclosing the valvesin relation to each other. There
is a short period of time near the beginningof the intakestroke in
which the intakeand exhaust valves areboth slightly open called
overlap, during which the residual gascontent is determined.The
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residualgascontentis theburnedgasremainingin thecylinder that
is not expelled while the exhaustvalve is open. The amount of
residualgascontenthasa direct effect on efficiency and the level
of HC emissions. The residualgascontentalongwith the exhaust
gas recirculation (EGR) (used to control NO,~), effectively
determinethe stable operatinglimit of a particular engine. [15]
Theuse of methanolallowsgreatertoleranceto EGR andextends
the stable operating limit of the engine. [16,17] Camshaft
modificationsto flattenthe torquecurvefor methanoloptimization
haveresultedin decreasesin fuel economy.[18] Onmostcars, the
valve timing is optimized for one enginespeed,causingthe rate of
formation of HC pollutantsand the volumetric efficiency to vary
with engine speed. However,both Acura and Nissan [19] have
producedcarswith enginesthat incorporatevariablevalve timing.
Although thetwo approachesaresubstantiallydifferent, the effects
are the same: a large valve overlapat high engine speedsfor
powerandasmall overlapat low enginespeedsfor lower unburned
hydrocarbonemissions,smootheridle, andimprovedfuel economy.
For further information on valve timing research,refer to [20,2 1].

FuelManagement

Sequentialport fuel injection has demonstrated superior fuel
managementcharacteristicsversuscarburetionwhen usedon an
alcohol-burningengine.This is truefor both methanol and ethanol.
As shown in Figure 3-5 [22], themeaneffectivepressureand the
thermalefficiency improve significantly over most of the operating
range. The higherconstantthermalefficiencyobservedis typical
of fuel injections’ ability to extend maximumefficiency through a
greaterportion of the operating range.

Thebehaviorexhibitedaboveis typicalof gasolineenginesas well.
However, because of methanol’s much lower heating value it
requires much higher massflow rates for a stoichiometric air/fuel
mixture than does gasoline. Due to the increased fluid flow
throughthe intake manifold,more liquid methanol forms films on
the intakemanifold walls causingworse mal-distributionproblems
thanare encounteredwith gasoline.[23] Ethanol’sheatingvalue
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Figure 3-5., Comparison between
sequential fuel injection.

carburetor

Operating Parameters

lies between that of methanol andgasoline. Becausethe use of
ethanol requires less of a fuel flow increase than methanol, the
positive effect of port fuel injection is thought to be greater for
methanol than ethanol. The higher thermal efficiency for fuel
injection shown above in Figure3-5 [24] is attributed to better fuel
distributionbetweencylinders.

The operatingparameters for a SI engine vary according to its
specific design and are very closely related to one another.
Compromisesexist betweendesigngoalsand it becomesnecessary
to optimizeaccordingly. Someengineshave beendesignedusing
lean-burnstrategiesto minimi7e HC and CO emissions while
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reducing fuel consumption while others are built strictly for
performance.Catalyticafter-treatmentof exhaustis vital to ensure
that emissionsare kept to an absoluteminimum. Becauseof the
key role playedby the catalytic converterin engineemissionclean-
up, it becomesnecessaryto separateemissionsinto two categories:
“engine out” emissionsand tailpipe emissions(after the catalyst).
Thekey operatingparametersareequivalenceratio, sparkadvance
and exhaustgas recirculation. It is importantto realize that the
parametersareclosely interrelated. Performanceof a particular
parametercan be comparedby examining their effects on the
specific fuel consumption,thermalefficiency, and torque.

EquivalenceRatio

The equivalenceratio (0) is a measureof the actual fuel/air
mixture (F/A) to the stoichiometric fuel/air ratio (F/A)1.
Stoichiometry is the proportion required between fuel and air for
a specific fuel to allow complete combustion of the chemical
reactionsto occur. The excessair ratio is also used and is inverse
of the equivalenceratio (~31)~Its purpose is to describewhether the
engineis operatingon a leanor rich fuel/air mixture. Both are
definedbelow: [25]

(F/A)actuaiEquivalence =

Ratio (F/A)s For fuel-lean mixtures: <1, X> 1

For stoichiometric mixtures: 0 = X =

ExcessAir ~ = ~ For fuel-rich mixtures: > 1, X < I

Ratio (AJF)~

At lower equivalence ratios or lean burn conditions, engines
operatemore efficiently. Becauseof their oxygenatedcomposition,
alcohol fuels and alcohol-basedethersallow the use of leaner
equivalenceratios. Figure 3-6 [26] shows the relation between
equivalenceratioandthermal efficiency for methanol andgasoline.
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The maximum efficiency attainableby a lean mixture of gasoline
(27%) can be attainedwith rich mixtures of methanol. Work
conductedon a test engineoperatingon ethanolproducedsimilar
results. [27] Becausethe efficiency values are measuredat the
fuel’s knock limited compressionratio (KLCR), the secondfigure
is includedto discriminatebetweenthe effect of the fuel and the
effect of KLCR on efficiency.

Figure 3-6-1., The effect of equivalence
ratio and methanol content on brake
efficiency.

15

10

1~
0

Figure 3-6-2., A comparisonof efficiency
increasesdue to methanol content at
KLCR andconstantCR.

Figure 3-7-1 [28] showsthe relation betweenequivalenceratio and
power for methanolandgasoline. The peakpower achievedwith
gasolinewas attainedby the fuels containing methanolat much
leanerconditions. Again, becausean increasein compressionratio
is accompaniedby an increasein power,the right handillustration
in Figure3-7-2 [29] showsthecontributionof the compressionratio
vs. themethanolfuel content.
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Figure 3-7-1., The effect of equivalence
ratio and methanol content on power
output.
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Figure 3-7-2., A comparisonof power
output dueto methanolcontentat KLCR
andconstant CR.

One of the issuesin modern enginedesignis thecontrolof specific
pollutants. Increasingthe percentageof methanol and lowering the
equivalence ratio decreaseshydrocarbon and CO emissions but
increasesthe creation of NO1 andformaldehyde,ascan beseenin
Figure3-8. [30]

Lean burn strategies,while providing better thermal efficiency and
lower hydrocarbon and CO emissions, produce higher NO~
emissions. Work conducted at Toyota has shown that using high
swirl induction and lean burnwith EGR to control NO, is possible,
at the expenseof driveability. The Toyota researchersagree that
additional experimentation is neededbefore thesetechnologiesare
production-ready. [31]
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Figure 3-8-1., The effect of methanol
content and equivalence ratio on NO,
emissions.

Figure 3-8-2., The effect of methanol
content and equivalence ratio on HC
emissions.

Figure 3-8-3., The effect of methanol
content and equivalence ratio on
formaldehydeemissions.
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The spark plug is fired before the piston reachestop deadcenter
(TDC) on its compressionstroke. The ignition point is presented
as the “spark advance,”in degreesof rotation of the crank shaft
before TDC. Because of the time required for the flame
development(combustion)processto build pressurein thecylinder,
thereis a maximumbraketorque(MBT) timing associatedwith a
particular fuel for a particular combustionchamber.[32] The
optimum spark setting will depend on the rate of flame
developmentand propagationand the length of the flame travel
pathacrossthe combustionchamber. The use of bothethanoland
methanolhas shown to decreasethe spark advance required for
MBT. [33,34] As shown in Figure 3-9 [35] for methanol,as the
percentageof alcoholincreasesin thegasoline/alcoholmixture,less
spark advanceis requiredand the MBT timing shifts toward Top
DeadCenteror TDC. This is an indication of methanol’shigher
burningvelocity. In the drawing,DBTDC signifiesflegrees~efore
lop fleadcenter.

Figure 3-9., The effect of methanol content on MBT
sparktiming at different compressionratios.
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The importance of proper ignition timing cannot be
overemphasized.Aside from the fuel/air mixture, the momentof
ignition has the greatestinfluence on pollutant emissions. As
shownbelow in theset of drawingsin Figure3-10 [36], both HC
andNO, emissionsaremuchhigherat 500 beforeTDC thanat 20°,
for the rangeof equivalenceratiosfrom 0.75 to 1.2. As the spark
is advanced(awayfrom TDC), HC emissionsincreaseup to the
lean misfire limit. As the timing is advanced, the combustion
temperature is increased and NO, formation increases. CO
emissionsarealmostcompletely independentof ignition timing and
are primarily a function of the fuel/air ratio.
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The influenceof ignition timing on fuel consumptionis opposite to
the influence it exerts on pollutant emissions. As the timing is
advanced,specific fuel consumptiongoesdown. At leanexcessair
ratios, the spark advancecan be set for either high fuel efficiency
or low emissions.

EthaustGa~Recirculation(EGR)

EGRrefersto the recirculationof exhaustgasesto the combustion
chamber to reduce the peak combustion temperature for the
reduction of NO, emissions. The lower flame temperatureof
alcohols produceless NO,, reducingthe EGR required for NO,~
control. Becausemethanolis a fasterburning fuel, its toleranceto
EGR was theoreticallyfound to be higher. [37,38] However, the
reductioncapabilitiesof NO, with methanolwere alsofound to be
higher thangasoline. An actualprototypeenginetestrevealedthat
40% less EGR ratewas neededwith M-85 (85% methanolplus
15%gasoline)to achievethe sameNO, reductionasgasoline.[39]
The maximum EGR rate in a gasoline or gasoline/alcoholfuel
engine is limited by the increasein HC emissions that can be
toleratedaswell asthemaximumburnedgasfractionbeforestable
combustionis lost.

The effect on specific fuel consumption(SFC) for a gasoline-
powered engine varies with the excessair factor and EGR rateas
shown in Figure 3-11. [40] Richer mixtureswith higherEGRrates
result in a higher SFC (i.e., poorer fuel economy).

Prototype engine work has revealedthat engines operating on
methanol behavesimilarly to the gasoline engines depicted in
Figure3-11. It is important to note that increasingEGR requires
advancingthespark ignition asthe equivalenceratio decreases,as
shownin Figure3-12. [41]
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Figure3-11., The influence of Exhaust-Gas-Recirculation(EGR) on
pollutant formation andfuel consumption.

Figure 3-12., The effect of increasing EGR on ignition
timing and equivalence ratio for a methanol fueled
engine.
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Key Design Parameters for Alcohol Combustion

Policy Issue #2

Relative to gasoline, methanol and ethanol have higher
octane, greater heat of vaporization, and lower flame
temperatures. They have also been shown to exhibit an
extendedleanlimit of operation.

By exploiting thesecharacteristics,a methanol-fueledengine can
operateat leaner fuel/air ratios than those burning gasoline to
improve thermalefficiency and reducetheconcentrationsof both
regulated and unregulatedexhaust gas emissions. [42] A high
compression,leanburnstratifiedchargeenginemaybe thegoal for
designingan optimizedmethanolengine.

Stratified charge implies a heterogeneousfuel/air mixture
distributionin thecombustionchamber. Combustionis initiated in
thefuel rich zoneandspreadsto the moreleanregions. Stratified
enginesarevery fuel efficient but dueto the difficulty encountered
in regulating the fuel/air mixture with today’s oxygensensorsand
three-waycatalysts,researchon this technologyhasbeenreduced.[43]
Ricardo developedand testeda high compressionratio compact
chamber engine with optimization for methanol. Employing a CR
of 13:1 with lean burn strategy,fuel efficiency improvementsof 10%
were noted. For more detailed information, refer to [44].

Methanol’s high heat of vaporization provides a lower intake
temperature to the engine. A significant amount of heat is
removed from the incoming air to vaporize the liquid methanol
fuel. This cooling effect increasesthe chargedensity in the cylinder
(sincecooler gasesare more densethan warmer gases),improving
volumetric efficiency and increasing power. Unfortunately, this
characteristicalso is responsiblefor the difficulty associatedwith
cold-starting methanolvehicles (see Section 6). In methanol
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combustion,the ratio of moles-of-productto moles-of-reactantare
1.209 times that of gasoline.[45] This resultsin higher cylinder
pressure, which in turn results in a higher power output. These
advantagesarerealizedwithout significantalterationsto the engine
for methanol optimization. Using flexible fuel technology, Ford
measureda 3% improvement in fuel efficiency on M-85 and a 5-
7% increasein power over gasoline operation. Becauseflexible
fuel vehicles are designed to operateon gasoline as well as
methanol, they cannot be optimized to take full advantageof
methanol’sproperties.Ethanol’sheatofvaporizationis slightly less
than methanol’s. Similar increasesin efficiency and cold start
problemsoccur when operatingon ethanol.

Clearly, certainnegativeeffectsof methanolcombustionexist that
will have to be further researchedbefore dedicatedvehiclesare
mass-produced. While the combustionof methanol releasesless
hydrocarbons than gasoline, it is still uncertain what effect
unburnedmethanolemissionshaveon air quality. Figure3-13 [46]
showsthatformaldehydelevels havebeenfoundto besignificantly
higher thangasoline.
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Figure 3-13., Comparison of formaldehyde emissions
from production and non-production catalysts aged to
50K miles.



3-19

Greatly increased engine wear at cold temperatures has been
observedwith methanol as a fuel (when comparedto gasoline,
ethanol,andethanol/watermixtures),and this is multiplied when
water is addedto the methanolfuel asshown in Figure 3-14 [47]
below. For further information refer to [48].
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Figure 3-14., Effect of oil temperatureon
engineiron wearwith various fuels.
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